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(57) ABSTRACT

A chain-link converter includes a number of series-con-
nected chain-link modules. Each chain-link module has a
module controller that is programmed to control operation of
the corresponding chain-link module to selectively provide
a voltage source, whereby the chain-link converter is able to
provide a stepped variable voltage source. The chain-link
converter also includes a chain-link converter controller that
is arranged in communication with each module controller,
and which is programmed to, in-use, communicate to a
number of the module controllers a measured converter
current (I,-) that is flowing through the chain-link con-
verter. The module controllers that receive the measured
converter current (I, is each further programmed, in-use,
to combine the measured converter current (I,.) with a
measured rate of change of current (I,) flowing through the
corresponding chain-link module, to establish an instanta-
neous module current (I,) that is flowing through the corre-
sponding chain-link module.

11 Claims, 1 Drawing Sheet
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1
CHAIN-LINK CONVERTERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Stage Application
under 35 U.S.C. § 371 and claims the priority to Interna-
tional Application No. PCT/EP2021/064361, filed May 28,
2021, which claims priority to European Application No.
20275100.4, filed Jun. 4, 2020, both of which are incorpo-
rated herein by reference.

TECHNICAL FIELD

This invention relates to a chain-link converter, the chain-
link converter including a plurality of series-connected
chain-link modules, each chain-link module having a mod-
ule controller programmed to control operation of the cor-
responding chain-link module to selectively provide a volt-
age source whereby the chain-link converter is able to
provide a stepped variable voltage source. In addition, the
invention relates to a method of operating such a chain-link
converter.

BACKGROUND OF THE INVENTION

In HVDC power transmission networks AC power is
typically converted to DC power for transmission via over-
head lines, under-sea cables and/or underground cables. This
conversion removes the need to compensate for the AC
capacitive load effects imposed by the power transmission
medium, i.e. the transmission line or cable, and reduces the
cost per kilometre of the lines and/or cables, and thus
becomes cost-effective when power needs to be transmitted
over a long distance. DC power can also be transmitted
directly from offshore wind parks to onshore AC power
transmission networks.

The conversion between DC power and AC power is
utilised where it is necessary to interconnect DC and AC
networks. In any such power transmission network, convert-
ers (i.e. power converters) are required at each interface
between AC and DC power to effect the required conversion
from AC to DC or from DC to AC.

One type of power converter is a voltage source converter,
although other types of power converter are also possible.

Such a voltage source converter includes first and second
DC terminals between which extends at least one converter
limb, and typically three converter limbs each of which
corresponds to a given phase of a three-phase electrical
power system.

The or each converter limb includes first and second limb
portions which are separated by an AC terminal.

In use the first and second DC terminals are connected to
a DC network, and the or each AC terminal is connected to
a corresponding phase of an AC network.

Each limb portion includes a chain-link converter which
extends between the associated AC terminal and a corre-
sponding one of the first or the second DC terminal. Each
chain-link converter includes a plurality of series connected
chain-link modules, while each chain-link module includes
a number of switching elements which are connected in
parallel with an energy storage device, usually in the form of
a capacitor. Other types of energy storage device, i.e. any
device that is capable of storing and releasing energy to
selectively provide a voltage, e.g. a fuel cell or battery, may
also be used however.
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The provision of a plurality of chain-link modules means
that it is possible to build up a combined voltage across each
chain-link converter, via the insertion of the energy storage
devices, i.e. the capacitors, of multiple chain-link modules
(with each chain-link module providing its own voltage),
which is higher than the voltage available from each indi-
vidual chain-link module.

Accordingly, each of the chain-link modules work
together to permit the chain-link converter to provide a
stepped variable voltage source. This permits the generation
of a voltage waveform across each chain-link converter
using a step-wise approximation. As such each chain-link
converter is capable of providing a wide range of complex
waveforms.

For example, operation of each chain-link converter in the
foregoing manner can be used to generate an AC voltage
waveform at the or each AC terminal, and thereby enable the
voltage source converter to provide the aforementioned
power transfer functionality between the AC and DC net-
works.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is
provided a chain-link converter comprising:

a plurality of series-connected chain-link modules, each
chain-link module having a module controller pro-
grammed to control operation of the corresponding
chain-link module to selectively provide a voltage
source whereby the chain-link converter is able to
provide a stepped variable voltage source; and

a chain-link converter controller arranged in communica-
tion with each module controller and programmed to
in-use communicate to a plurality of module controllers
a measured converter current flowing through the
chain-link converter,

the module controllers receiving the measured converter
current each being further programmed in-use to com-
bine the measured converter current with a measured
rate of change of current flowing through the corre-
sponding chain-link module to establish an instanta-
neous module current flowing through the said corre-
sponding chain-link module.

The provision of such a chain-link converter controller,
and such module controllers, allows the chain-link converter
of the invention to utilise a single converter current mea-
suring device, which is expensive and able to operate only
at a relatively low frequency, but nevertheless is highly
accurate, along with another measuring device that is able to
operate at a higher measuring frequency and is far less
expensive, so can be deployed on multiple chain-link mod-
ules, but which is only sensitive to rapid changes in current
flow, and so is unable to provide an ongoing indication of
current flow during steady-state conditions, and nevertheless
combine the output of both such measuring devices to
establish an instantaneous module current flowing through a
given chain-link module which, in turn, is extremely useful
for assisting in controlling and protecting the given chain-
link module.

In particular, such an arrangement allows each of the
given chain-link modules to be operated closer to their rated
current operating characteristic because any increase in
current flow through such a chain-link module which is
occasioned by a fault, can be swiftly detected and the actual,
instantaneous module current flowing through the said
chain-link module readily established in order that protec-
tive measures, if necessary, can be similarly rapidly
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deployed. As a consequence of being able to safely operate
such chain-link modules closer to their rating, any voltage
source converter in which they are incorporated needs to
include fewer such chain-link modules in order to provide a
given power transfer capability which, in turn, allows such
voltage source converters to be provided more cost effec-
tively.

Preferably each of the module controllers receiving the
measured converter current is programmed to establish an
instantaneous module current by using the measured con-
verter current as a base line current measurement and adding
to that an integrated current measurement derived from the
measured rate of change of current flowing through the
corresponding chain-link module.

In this way, the chain-link converter is able to make use
of a precise current measurement at a known time in the
recent past, i.e. the measured converter current, and a high
bandwidth current measurement that is established very
shortly after that reference point in the recent past and which
does not suffer from delays because it is made locally at the
chain-link module, i.e. the integrated current measurement
derived from the measured rate of change of current flowing
through the chain-link module, to establish, e.g. calculate, an
extremely accurate instantaneous module current.

In a preferred embodiment of the invention each of the
module controllers receiving the measured converter current
is additionally programmed to compare a latest received
measured converter current with the established instanta-
neous module current and to adjust measurement of the rate
of change of current flowing through the corresponding
chain-link module if there is a discrepancy between the
latest received measured converter current and the estab-
lished instantaneous module current.

Having module controllers additionally programmed in
the aforementioned manner helps to improve the accuracy of
the established instantaneous module current over time, e.g.
using an iterative process.

The chain-link converter controller may be additionally
programmed to take protective action if the measured con-
verter current exceeds a predetermined safe converter
threshold.

Preferably each module controller is additionally pro-
grammed to take protective action if the instantaneous
module current it establishes deviates from one or more
predetermined parameters.

Deviation from a predetermined parameter may include at
least one of:

the instantaneous module current exceeding a predeter-

mined safe module threshold which is greater than the
predetermined safe converter threshold; and

the instantaneous module current increasing at a rate

greater than a predetermined safe rate.

Such features help to ensure that the chain-link converter
of the invention is protected, e.g. is blocked and discon-
nected from any energy sources with which it is, in use,
connected, in the event that a higher than normal fault
current arises.

Moreover, having each module controller programmed in
the aforementioned manner, along with careful selection of
the associated predetermined parameters, means that the
protection provided by the chain-link converter controller
takes precedence over the protection provided by each
module controller. This is desirable because the chain-link
converter controller is thereby able to continue providing
coordinated protection of the converter, e.g. in the case of
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modest overcurrent fault events, while the module control-
lers are able to react to more extreme and faster occurring
fault events.

In another preferred embodiment of the invention each
module controller is further programmed to report the need
for it to take protective action to the chain-link converter
controller, which in turn is further programmed to monitor
the number of module controllers providing such a report.

In a still further preferred embodiment of the invention
the chain-link converter controller (26) is still further pro-
grammed to at least one of:

instruct the or each module controller providing a report
of the need to take protective action to avoid taking
protective action if fewer than a predetermined number
of module controllers provide such a report; and

initiate blocking of the chain-link converter and/or block-
ing of a voltage source converter within which the
chain-link converter is in-use located, if the predeter-
mined number or greater of module controllers (14)
provides such a report.

The inclusion of such features enables the chain-link
converter controller to determine whether one or more
module controllers is operating spuriously, e.g. in the event
that only one or a small number of module controllers report
the need to take protective action, and thereby avoid an
unnecessary and inconvenient shut down of the chain-link
converter or a voltage source converter within which the
chain-link converter is, in use, located, in the case of such
malfunctioning by one or a few module controllers.

Optionally the chain-link converter further includes at
least one current transformer to provide the measured con-
verter current flowing through the chain-link converter.

Having a current transformer provide the measured con-
verter current helps to ensure that the measured current is
accurate and precise to the degree needed for the associated
operation of the module controllers which receive this
measurement.

Each chain-link module having a module controller that
receives the measured converter current may also include a
current measurement transducer to provide the measured
rate of change of current flowing through the corresponding
said chain-link module.

Current measurement transducers have a high bandwidth,
i.e. are able to operate at a high frequency, and so are
advantageously able to measure very rapid changes in
current flow, e.g. such as might arise in certain types of fault.

In addition, the provision of such transducers also means
that a fault current flowing in a path that does not include the
above-mentioned current transformer, and so which ordi-
narily would not be picked up by such a current transformer,
can nevertheless still be detected by one or more such
transducers, thereby allowing appropriate protective action
to be taken.

According to a second aspect of the invention there is
provided a method of operating a chain-link converter
comprising a plurality of series-connected chain-link mod-
ules, each chain-link module having a module controller
programmed to control operation of the corresponding
chain-link module to selectively provide a voltage source
whereby the chain-link converter is able to provide a stepped
variable voltage source, and a chain-link converter control-
ler arranged in communication with each module controller,
the method comprising the steps of:

(a) having the chain-link converter controller communi-
cate to a plurality of module controllers a measured
converter current flowing through the chain-link con-
verter; and
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(b) having the module controllers which receive the
measured converter current combine the measured con-
verter current with a measured rate of change of current
flowing through the corresponding chain-link module
to establish an instantanecous module current flowing
through the said corresponding chain-link module.

The method of the invention shares the benefits of the
corresponding features of the chain-link converter of the
invention.

Within the scope of this application it is expressly
intended that the various aspects, embodiments, examples
and alternatives set out in the preceding paragraphs, and the
claims and/or the following description and drawings, and in
particular the individual features thereof, may be taken
independently or in any combination. That is, all embodi-
ments and all features of any embodiment can be combined
in any way and/or combination, unless such features are
incompatible. The applicant reserves the right to change any
originally filed claim or file any new claim accordingly,
including the right to amend any originally filed claim to
depend from and/or incorporate any feature of any other
claim although not originally claimed in that manner.

BRIEF DESCRIPTION OF THE DRAWING

There now follows a brief description of preferred
embodiments of the invention, by way of non-limiting
example, with reference being made to FIG. 1 which shows
a schematic view of a portion of a chain-link converter
according to a first embodiment of the invention.

DETAILED DESCRIPTION

A portion of a chain-link converter according to a first
embodiment of the invention is designated generally by
reference numeral 10, as shown in FIG. 1.

In particular, although the chain-link converter 10 of the
invention includes sixty-four, series-connected chain-link
modules 12, only four are shown in FIG. 1. In other
embodiments of the invention, however, the chain-link con-
verter may include fewer than or more than sixty-four
chain-link modules.

In any event, each chain-link module 12 has a module
controller 14 that is programmed to control operation of the
corresponding chain-link module 12 to selectively provide a
voltage source, whereby the chain-link converter 10 is able
to provide a stepped variable voltage source.

More particularly, each chain-link module 12 includes a
number of switching elements 16 which are connected in
parallel with an energy storage device 18 in the form of a
capacitor 20. Other types of energy storage device, i.e. any
device that is capable of storing and releasing energy to
selectively provide a voltage, e.g. a fuel cell or battery, may
also be used however.

Each switching element 16 includes a semiconductor
device in the form of an Insulated Gate Bipolar Transistor
(IGBT) 22, although other types of self-commutated semi-
conductor devices, such as a gate turn-off thyristor (GTO),
a field effect transistor (FET), a metal-oxide-semiconductor
field-effect transistor (MOSFET), an injection-enhanced
gate transistor (IEGT), an integrated gate commutated thy-
ristor (IGCT), a bimode insulated gate transistor (BIGT), or
any other self-commutated switching device may be used
instead. In addition, one or more of the semiconductor
devices may instead include a wide-bandgap material such
as, but not limited to, silicon carbide, boron nitride, gallium
nitride and aluminium nitride.
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The number of semiconductor devices in each switching
element 16 may vary depending on the required voltage and
current ratings of that switching element 16.

Each of the switching elements 16 also includes a passive
current check element, which in the embodiment shown
takes the form of a diode 24, that is connected in anti-parallel
with a corresponding semiconductor device. In other
embodiments of the invention the passive current check
element may include another type of passive current check
device, i.e. any device that is capable of limiting current flow
in only one direction. In addition, the number of passive
current check devices in each passive current check element
may vary depending on the required voltage and current
ratings of that passive current check element.

The chain-link module 12 shown is a first exemplary
chain-link module which includes a first pair of switching
elements 16 that is connected in parallel with a capacitor 20
in a known half-bridge arrangement to define a 2-quadrant
unipolar module. Switching of the switching elements 16
selectively directs current through the capacitor 20 or causes
current to bypass the capacitor 20, such that the first exem-
plary chain-link module 12 can provide zero or positive
voltage and can conduct current in two directions.

A second exemplary chain-link module (not shown)
includes first and second pairs of switching elements and a
capacitor that are connected in a known full bridge arrange-
ment to define a 4-quadrant bipolar module. In a similar
manner to the first exemplary chain-link module, switching
of the switching elements again selectively directs current
through the capacitor or causes current to bypass the capaci-
tor such that the second exemplary chain-link module can
provide zero, positive or negative voltage and can conduct
current in two directions.

The chain-link converter 10 shown includes solely first
exemplary chain-link modules 12, but in other embodiments
of the invention the chain-link converter may include solely
second exemplary chain-link modules, or a combination of
first and second exemplary chain-link modules.

In any event, the provision of a plurality of chain-link
modules 12 means that it is possible to build up a combined
voltage across the chain-link converter 10, via the insertion
of the energy storage devices, i.e. the capacitors 20, of
multiple chain-link modules 12 (with each chain-link mod-
ule 12 providing its own voltage), which is higher than the
voltage available from each individual chain-link module
12.

Accordingly, each of the chain-link modules 12 work
together to permit the chain-link converter 10 to provide a
stepped variable voltage source. This permits the generation
of a voltage waveform across the chain-link converter 10
using a step-wise approximation. As such the chain-link
converter 10 is capable of providing a wide range of
complex waveforms which, when combined with other
chain-link converters to define a voltage source converter,
permits a conversion between AC and DC power.

Returning to the embodiment shown, the chain-link con-
verter 10 also includes a chain-link converter controller 26
that is arranged in communication with each module con-
troller 14, and more particularly is arranged in communica-
tion with each module controller 14 via a passive optical
network 28, although other communication conduits may be
used.

The chain-link converter 10 still further includes a current
transformer 30, and more particularly a DC current trans-
former, which, in the embodiment shown, is mounted on a
busbar 32, i.e. mounted on a main electrical conduction
conduit that, in use, interconnects the chain-link converter
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10 with an external DC or AC network. In any event, the
current transformer 30 measures a converter current I, that
flows into (or out of), i.e. through, the chain-link converter
10, and passes that measurement to the chain-link converter
controller 26. This may be via the aforementioned passive
optical network 28, but could also be via some other
equipment such as a protection system or other control
system.

In addition, each chain-link module 12 includes a current
measurement transducer, which in the embodiment shown
takes the form of a Rogowski coil 34, that measures a rate
of change of current 1,. flowing through the associated
chain-link module 12. Other types of current measurement
transducer may, however, be used, and not all of the chain-
link modules 12 need necessarily include such a transducer.

In use, the chain-link converter controller 26 is pro-
grammed to communicate to each of module controller 14
the measured converter current I, that it receives from the
current transformer 30. Such communication takes place
across the passive optical network 28, and represents only a
small overhead increase in the usual individual control
commands sent by the converter controller 26 to each
module controller 14 over this medium. This is because the
same measured converter current I, is broadcast to each
module controller 14. The passive optical network 28 typi-
cally allows communication at a frequency of approximately
10 kHz and this, together with bandwidth of the current
transformer 30, means that in practical terms an updated
measured converter current I,. can be provided by the
converter controller 26 to each module controller 14
approximately every 100 ps.

In other embodiments of the invention, the converter
controller may not necessarily communicate the measured
converter current to each module controller. For example, if
the corresponding chain-link module within which one or
more module controllers is located does not additionally
include a current measurement transducer, e.g. a Rogowski
coil, the converter controller may not communicate the
measured converter current to those module controllers.

Meanwhile, returning to the embodiment shown, each of
the module controllers 14 that receives the measured con-
verter current I, ., i.e. all of the module controllers 14 in the
embodiment shown, is further programmed to, in use, com-
bine the measured converter current 1, (which it receives
from the converter controller 26) with the measured rate of
change of current 1, flowing through the chain-link module
12 within which it is located (which each module controller
14 receives from the corresponding Rogowski coil 34), to
establish an instantaneous module current I, that is flowing
through the said chain-link module 12.

More particularly, each module controller 14 is pro-
grammed to establish such an instantaneous module current
1, by using the measured converter current I, as a base line
current measurement and adding to that an integrated current
measurement that is derived from the measured rate of
change of current I , - that is flowing through the correspond-
ing chain-link module 12. In other embodiments of the
invention, one or more of the module controllers may be
programmed to add a directly measured rate of change of
current flowing through the corresponding chain-link mod-
ule to the base line current measurement to establish an
instantaneous module current.

In addition to the foregoing, each of the module control-
lers 14 is also programmed to compare a latest received
measured converter current [, with the established instan-
taneous module current I, and to adjust measurement of the
rate of change of current 1, flowing through the corre-

20

25

30

40

45

50

55

8

sponding chain-link module if there is a discrepancy
between the latest received measured converter current I,
and the established instantaneous module current I,. One
way in which each module controller 14 may adjust such
measurement is by altering the calibration of the Rogowski
coil 34, e.g. by using proportional integral control.

It follows that the chain-link converter 10 of the invention
is able to make use of a precise current measurement at a
known time in the recent past, i.e. the measured converter
current I, and a high bandwidth current measurement that
is established very shortly after that reference point in the
recent past and which does not suffer from delays because it
is made locally at the chain-link module 12, i.e. the inte-
grated current measurement derived from the measured rate
of change of current 1,. flowing through the chain-link
module 12, to establish, e.g. calculate, an extremely accurate
instantaneous module current I..

Thereafter, the chain-link converter 10 of the invention is
able to utilise that extremely accurate instantaneous module
current I, to protect both itself and any voltage source
converter within which it is, in use, located from a range of
different fault conditions.

More particularly, the converter controller 26 is addition-
ally programmed to take protective action if the measured
converter current I, exceeds a predetermined safe con-
verter threshold. Such a predetermined safe converter
threshold might typically be of the order of 2000 A (although
this will vary according to specific chain-link converter
designs), and the protective action the converter controller
26 might take in those circumstances is to block the whole
of a voltage source converter in which the chain-link con-
verter 10 is located, and disconnect the said voltage source
converter from any energy sources with which it is con-
nected.

Also, each module controller 14 is additionally pro-
grammed to take protective action if the instantaneous
module current I, it establishes deviates from one or more
predetermined parameters. Such deviation from a predeter-
mined parameter includes:

if the instantaneous module current I, exceeds a predeter-

mined safe module threshold, which is greater than the
aforementioned predetermined safe converter thresh-
old; and

if the instantaneous module current increases at a rate

greater than a predetermined safe rate.

In this regard, the predetermined safe module threshold is
typically of the order of 3000 A, while a predetermined safe
rate of instantaneous module current I, increase is usually a
few amps per microsecond, e.g. about 5 A, per microsecond
(although again, this will vary according to the specific
design of the chain-link converter). In each case, the pro-
tective action taken by a given module controller 14, should
such deviation arise, is similarly to instigate blocking the
whole of a voltage source converter in which the chain-link
converter 10 is located, and the disconnecting of the said
voltage source converter from any energy sources with
which it is connected.

It follows that, with careful selection of the associated
predetermined parameters mentioned above, the protection
provided by the converter controller 26 takes precedence
over the protection provided by each module controller 14,
with the converter controller 26 continuing to provide coor-
dinated protection of the chain-link converter 10, e.g. in the
case of modest overcurrent fault events, while the module
controllers 14 react to more extreme and faster occurring
fault events.
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Each module controller 14 is still further programmed to
report the need for it to take protective action to the
converter controller 26. In turn, the converter controller 26
is further programmed to monitor the number of module
controllers 14 providing such a report, and to instruct the or
each module controller 14 providing such a report to avoid
taking protective action if fewer than a predetermined num-
ber of module controllers 14 provide such a report. A
predetermined number of such module controllers 14 could
be as low as only two or three, although this can vary
depending on the operating environment and controller
parameters of the voltage source converter in which the
chain-link converter 10 is, in use, located. In other embodi-
ments of the invention, the converter controller may be
additionally further programmed to instigate blocking of the
chain-link converter, and/or blocking of the whole of a
voltage source converter in which the chain-link converter is
located, if the predetermined number of module controllers
or greater reports the need to take protective action.

I claim:

1. A chain-link converter comprising:

a plurality of series-connected chain-link modules, each
chain-link module having a module controller pro-
grammed to control operation of the corresponding
chain-link module to selectively provide a voltage
source whereby the chain-link converter is able to
provide a stepped variable voltage source; and

a chain-link converter controller arranged in communica-
tion with each module controller and programmed to
in-use communicate to a plurality of module controllers
a measured converter current flowing through the
chain-link converter;

the module controllers receiving the measured converter
current each being further programmed in-use to com-
bine the measured converter current with a rate of
change of current flowing through and measured in the
corresponding chain-link module to establish an instan-
taneous module current flowing through the corre-
sponding chain-link module.

2. A chain-link converter according to claim 1, further
including at least one current transformer to provide the
measured converter current flowing through the chain-link
converter.

3. A chain-link converter according to claim 1, wherein
each chain-link module having a module controller that
receives the measured converter current also includes a
current measurement transducer to provide the measured
rate of change of current flowing through the corresponding
said chain-link module.

4. A chain-link converter according to claim 1, wherein
each of the module controllers receiving the measured
converter current is programmed to establish an instanta-
neous module current by using the measured converter
current as a base line current measurement and adding to that
an integrated current measurement derived from the mea-
sured rate of change of current flowing through the corre-
sponding chain-link module.

5. A chain-link converter according to claim 1, wherein
each of the module controllers receiving the measured
converter current is additionally programmed to compare a
latest received measured converter current with the estab-
lished instantaneous module current and to adjust measure-
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ment of the rate of change of current flowing through the
corresponding chain-link module if there is a discrepancy
between the latest received measured converter current and
the established instantaneous module current.

6. A chain-link converter according to claim 1, wherein
the chain-link converter controller is additionally pro-
grammed to take protective action if the measured converter
current (IDC) exceeds a predetermined safe converter
threshold.

7. A chain-link converter according to claim 6, wherein
each module controller is further programmed to report the
need for it to take protective action to the chain-link con-
verter controller, which in turn is further programmed to
monitor the number of module controllers providing such a
report.

8. A chain-link converter according to claim 7, wherein
the chain-link converter controller is still further pro-
grammed to at least one of:

instruct the or each module controller providing a report
of the need to take protective action to avoid taking
protective action if fewer than a predetermined number
of module controllers provide such a report; and

initiate blocking of the chain-link converter and/or block-
ing of a voltage source converter within which the
chain-link converter is in-use located, if the predeter-
mined number or greater of module controllers pro-
vides such a report.

9. A chain-link converter according to claim 1, wherein
each module controller is additionally programmed to take
protective action if the instantaneous module current (i) it
establishes deviates from one or more predetermined param-
eters.

10. A chain-link converter according to claim 9, wherein
deviation from a predetermined parameter includes at least
one of:

the instantaneous module current exceeding a predeter-
mined safe module threshold which is greater than the
predetermined safe converter threshold; and

the instantaneous module current increasing at a rate
greater than a predetermined safe rate.

11. A method of operating a chain-link converter com-
prising a plurality of series-connected chain-link modules,
each chain-link module having a module controller pro-
grammed to control operation of the corresponding chain-
link module to selectively provide a voltage source whereby
the chain-link converter is able to provide a stepped variable
voltage source, and a chain-link converter controller
arranged in communication with each module controller,

the method comprising the steps of:

(a) having the chain-link converter controller communi-
cate to a plurality of module controllers a measured
converter current lowing through the chain-link con-
verter; and

(b) having the module controllers which receive the
measured converter current combine the measured con-
verter current with a rate of change of current flowing
through and measured in the corresponding chain-link
module to establish an instantaneous module current
flowing through the said corresponding chain-link
module.



